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(54) Integrated circuit device having duat damascene Interconnect structure and metal electrode 
capacitor and associated method for making 



(57) An integrated circuit device and method of 
making include an interconnect structure (22) and a 
capacitor (24). The interconnect structure (22) includes 
a metal line (27) and a contact (26), and the capacitor 
includes upper and lower metal electrodes (44,49). The 
method includes forming a dielectric layer (38.40,42) 
adjacent a semiconductor substrate, and simultane- 
ously forming a first opening (57) for the interconnect 
structure and a second opening (56) for the capacitor, in 
the first dielectric layer The method further includes 
selectively depositing a first conductive layer (54) to fill 



the first opening (57) to form the interconnect structure 
(22), and forming the upper and lower metal electrodes 
(44.49) with a capacitor dielectric (46) therebetween to 
form the capacitor (24) in the second opening (56). The 
integrated circuit device provides a high-density capaci- 
tor having metal electrodes and which is compatible and 
integrated with dual damascene structures. As such, 
the capacitor is situated in a same level as a dual 
damascene interconnect structure. 
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Description 
Related Application 

[0001] This application is based upon prior filed 
copending provisional application Serial No. 60/115,703 
filed January 12. 1999. 

Field Of The Invention 

[0002] The present invention relates to the field of 
integrated circuits, and. nnore particularly, to integrated 
circuit devices having capacitors. 

Background Of The Invention 

[0003] Capacitors are used in semiconductor 
devices such as integrated circuits (ICs) for storing elec- 
trical charge. In ICs such as dynamic random access 
memory (DRAM), capacitors are used for storage in the 
memory cells. Typically, capacitors formed in ICs 
include a lower electrode made of. e.g., polycrystalline 
silicon (polysilicon), a dielectric layer made of. e.g., tan- 
talum pentoxide and/or barium strontium titantate. and 
an upper electrode made of, e.g., titanium nitride, tita- 
nium, tungsten, platinum or polysilicon. 
[0004] In recent years, the development of the sem- 
iconductor memory device has required higher packing 
density the area occupied by a capacitor of a DRAM 
storage cell shrinks, thus decreasing the capacitance of 
the capacitor because of its smaller electrode surface 
area. However, a relatively large capacitance is required 
to achieve a high signal-to-noise ratio in reading the 
memory cell. Therefore, it is desirable to reduce the cell 
dimension and yet obtain a high capacitance. This can 
be accomplished with a metal electrode capacitor, for 
example, which also may include a high-k dielectric. 
[0005] Traditionally, interconnection between two 
conductors in a semiconductor device has been pro- 
vided by a plug structure such as a tungsten plug, for 
example, for an electrical connection between first and 
second metal lines. Such structures require three sepa- 
rate processing steps including one for the formation of 
each of the two conductors and one for the formation of 
the tungsten plug structure. Additionally, greater interest 
has been shown by manufacturers of semiconductor 
devices in the use of copper and copper alloys for met- 
allization patterns, such as in conduc.tiye_vias and inter- 
connects. Copper, compared to aluminum, has both 
good electromigration resistance and a relatively low 
electncal resistivity of about 1.7 ohm cm. Unfortunately, 
copper is difficult to etch. Consequently, dual 
damascene processes have been developed to simplify 
the process steps and eliminate a metal etch step to 
form copper interconnects. Dual damascene processes 
are also used with aluminum interconnects. 
[0006] -.^ A dual damascene structure has a bottom 
* portion or viS'lhat contacts an underfyrng . conductor and 



replaces the function of a plug structure in a traditional 
interconnect structure. The dual damascene structure 
also has a top portion or inlaid trench that is used for the 
formation of a second conductor. Because the bottom 

5 and top portions of a dual damascene structure are in 
contact with each other, they can be filled simultane- 
ously with the same conductive material, e.g. copper. 
This eliminates the need to form a plug structure and an 
overlying conductive layer in separate processing steps. 

10 [0007] In the dual damascene process, capacitors 
are usually formed in a separate level by depositing a 
first conductive layer, forming the dielectric therebe- 
tween, forming a second conductive layer, and then pat- 
terning and etching the layered structure. The 

15 conductive layers are typically formed of poly- silicon or 
titanium nitride, for example. Next an oxide is formed 
ovei- the capacitors and results in surface topographies 
above the capacitors. This requires chemical mechani- 
cal polishing (CMP) to planarize the oxide layer before 

20 subsequent layers are formed. 

[0008] Thus, the conventional process of making 
capacitors requires additional time due to the etching of 
the conductive layers as well as the CMP step. Also, if 
forming a capacitor with metal electrodes, i.e. a metal- 
25 insulator-metal (MIM) capacitor, the metal etch step 
required is not fully compatible with the dual damascene 
process. In other words, as discussed above, the dual 
damascene process is used specifically to avoid metal, 
etching; therefore, using a metal etch step within a dual 
30 damascene process is undesirable. 

[0009] As can be seen from the above discussion, 
there is a need for integration of a high-density metal 
electrode capacitor which is compatible with the dual 
damascene process. 

35 

Summary Of The Invention 

[0010] In view of the foregoing background, it is 
therefore an object of the invention to provide a method 

40 of making an integrated circuit device with the dual 
damascene process and including a high-density 
capacitor having metal electrodes. 
[001 1] It is another object of the invention to provide 
an integrated circuit device including a high-density 

45 capacitor having metal electrodes and which is compat- 
ible with dual damascene interconnect structures. 
[0012] These and other objects, features and 
-advantages in accordance with the present invention 
are provided by a method of making an integrated circuit 

50 device including an interconnect structure and a capac- 
itor, the interconnect structure comprising a metal line 
and a contact, and the capacitor comprising upper and 
lower metal electrodes. The method includes forming a 
dielectric layer adjacent a semiconductor substrate, and 

55 simultaneously forming a first opening for the intercon- 
nect structure and a- second opening forth capacitor, in 
the first dielectric layer The method further includes 
' ■ selectively- 'depositing a first ■conductive'- layer to fill the 
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first opening to form the interconnect structure, and 
forming the upper and lower metal electrodes with a 
capacitor dielectric therebetween to form the capacitor 
in the second opening. The first conductive layer may be 
formed by electroplating copper white masking the sec- 5 
ond opening, and may also include a barrier metal layer 
to at least line the first opening. The barrier metal layer 
preferably comprises tantalum nitride 
[001 3] Also, the step of simultaneously forming the 
first opening and the second opening may comprise: 10 
simultaneously forming an upper portion of the first 
opening and an upper portion of the second opening; 
and simultaneously forming a lower portion of the first 
opening and a lower portion of the second opening. 
Additionally, the upper portion of the first opening may 15 
have a greater width than the tower portion of the first 
opening, and the upper portion of the second opening 
may have substantially a same width as the lower por- 
tion of the second opening. 

[0014] The dielectric layer may be formed of a lower 20 
dielectric layer portion, an etch stop layer and an upper 
dielectric layer portion. Thus, the upper portion of the 
first opening and the upper portion of the second open- 
ing may be formed simultaneously in the upper dielec- 
tric layer portion and the etch stop layer Also, the lower 25 
portion of the first opening and the lower portion of the 
second opening may be formed simultaneously in the 
lower dielectric layer portion. 

[0015] The capacitor may be formed by depositing 
a lower metal layer to at least line the second opening 30 
and to form the lower metal electrode, forming the 
capacitor dielectric layer on the lower metal layer, 
depositing an upper metal layer on the capacitor dielec- 
tric layer to form the upper metal electrode. Also, a sec- 
ond conductive layer may be selectively deposited to fill 35 
a remaining portion of the second opening. This second 
conductive layer preferably comprises copper, and the 
upper and lower metal electrodes of the capacitor pref- 
erably comprise tantalum nitride. The capacitor dielec- 
tric may be a high-k dielectric having, e.g., a dielectric 40 
constant greater than about 25, 

[0016] The advantages in accordance with the 
present invention are also provided by an integrated cir- 
cuit device including a dielectric layer adjacent a semi- 
conductor substrate having first and second openings 45 
therein, an interconnect structure in the first opening 
and comprising a metal line and a metal contact 
depending therefrom, and a capacitor in the second 
opening and comprising upper and lower metal elec- 
trodes with a capacitor dielectric layer therebetween, so 
The capacitor may have a substantially planar upper 
surface substantially flush with adjacent upper surface 
portions of the dielectric layer. Also, the edges of the 
lower electrode and the capacitor dielectric layer may 
terminate at the upper surface of the capacitor. 55 
[0017] " Again, with respect to the method as set 
. forth, above, the dielectric layisr may comprise a lower, 
dielectric layer portion, an etch stop teyer; and an upper 



dielectric layer portion. Thus, the metal line of the inter- 
connect structure is preferably in the upper dielectric 
layer portion and the etch stop layer of the dielectric 
layer, and the contact of the interconnect structure is 
preferably in the lower dielectric layer portion of the die- 
lectric layer. Also, the capacitor is preferably in the 
upper dielectric layer portion, the etch stop layer, and 
the lower dielectric layer portion of the dielectric layer. 

Brief Description Of The Drawings 
[0018] 

FIG. 1 is a cross-sectional view of an integrated cir- 
cuit device including an interconnect structure and 
metal electrode capacitor in accordance with the 
present invention. 

FIGS. 2-8 are cross-sectional views of an inte- 
grated circuit device to illustrate a dual damascene 
process for forming an interconnect structure and 
metal electrode capacitor in accordance with the 
present invention. 

FIG. 9 is a lateral cross-sectional view through an 
upper portion of another embodiment of an inte- 
grated circuit device in accordance with the present 
invention. 

Detailed Description Of The Preferred Embodi- 
ments 

[0019] The present invention will now be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be 
embodied in many different forms and should not be 
construed as limited to the embodiments set forth 
herein. Rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will 
fully convey the scope of the invention to those skilled in 
the art. Like numbers refer to tike elements throughout. 
The dimensions of layers and regions may be exagger- 
ated in the figures for clarity. 

[0020] Referring to FIG. 1. an integrated circuit 
device 20 including an interconnect structure 22 and 
metal electrode capacitor 24 formed on a semiconduc- 
tor substrate 30 in accordance with the present inven- 
tion, will now be described. The semiconductor 
substrate 30 is preferably silicon, or may be silicon or a 
polysilicon layer or structure formed on the substrate. A 
plurality of devices, such as transistors (not shown), are 
formed in the substrate 30 using well known techniques. 
The integrated circuit device 20 includes a first dielectric 
layer 32 adjacent the substrate 30. The first dielectric 
layer is formed from any suitable dielectric, e.g.. silicon 
dioxide, silicon nitride and/or any material or alloy of 
material having a desired dielectric constant. Other suit- 
able materials include tantalum pentoxide and barium 
strontium titantate, for .^xamplei-as long as the dielectric 



3 



EP 1 020 905 A1 



15 



20 



25 



does not affect the formation of the interconnect struc- 
ture and capacitor of the present invention. 
[0021] This first dielectric layer 32 is shown in FIG. 
1 with interconnects 34 and 36. The first dielectric layer 
32 and the interconnects 34 and 36 illustrate an exam- 5 
pie of an underlying level of the integrated circuit device. 
The skilled artisan would appreciate that a plurality of 
interconnect levels and vias will be present throughout 
the device and at multiple levels within the device. A via 
is an opening formed in an interlevel dielectric layer to w 
expose a certain portion of an underlying metal line to 
allow electrical contact to be made to the line. A conduc- 
tive contact is then formed in the via to connect the 
underlying metal line with a subsequently formed over- 
lying metal line. 

[0022] The integrated circuit device 20 further 
includes a second dielectric layer 38 and a third dielec- 
tric layer 42. The second and third dielectric layers 38 
and 42 are preferably separated by an etch stop layer 
40. Again, the second and third dielectric layers 38 and 
42 are formed from any suitable dielectric having a 
desired dielectric constant, as would readily be appreci- 
ated by the skilled artisan. The etch stop layer 40 is typ- 
ically formed from silicon nitride and deposited by 
conventional techniques. 

[0023] The interconnect structure 22 includes a 
metal line 27 and a contact 26. The metal line 27 is 
formed in the third dielectric layer 42 and the etch stop 
layer 40. The contact is formed in the second dielectric 
layer 38. The interconnect structure 22 comprises a bar- 
rier metal layer 52 and a metal conductive layer 54. The 
barrier metal layer may be formed of any suitable metal 
layer, e.g., tantalum nitride, titanium nitride or tungsten 
nitride, which will substantially prohibit diffusion of the 
metal from the metal conductive layer 54 into the dielec- 
tric layers 38 and 42. The conductive metal layer 54 is 
preferably copper but may include aluminum or tung- 
sten, for example. Especially for a copper metal layer 
54, a copper seed layer (not shown) is also typically 
formed oh the barrier metal layer 52, as will be readily 40 
appreciated by those skilled in the art. 
[0024] The capacitor 24 includes a lower electrode 
44, a dielectric 46, and an upper electrode 49. The 
lower electrode 44 is formed of at least one layer of a 
conductive metal such as tantalum nitride, for example. 45 
The lower electrode 44 illustratively includes two metal 
layers 52. 53, such as formed of tantalum nitride. A cop- 
per seed layer, not shown, may also be formed between 
the two tantalum nitride layers 52, 53 when copper is 
used as the interconnection metal as will be understood so 
by those skilled in the art. 

[0025] The capacitor dielectric 46 is formed of a 
suitable dielectric material, e.g. silicon oxide, silicon 
. nitride or tantalum oxide, haying a desired dielectric 
constant. Preferably, the capacitor dielectric 46 has a 55. 
dielectric constant greater than about 25 to achieve 
desired capacitor characteristics. 

'^[0026] The ' upper -electrbcie 49 illustratively corn- ' 
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prises conductive metal layer 48 and conductive metal 
layer 50. The conductive metal layer 48 may be formed 
of tantalum nitride, for example, and the conductive 
metal layer 50 may be formed of copper. Of course, a 
copper seed layer, not shown, may be between the two 
layers 48.50. The conductive metal layer 48 may also 
act as a barrier layer to prohibit diffusion of the metal, 
e.g. copper, from the metal conductive layer 50 into the 
dielectric 46. The capacitor 24 has a substantially pla- 
nar upper surface substantially flush with adjacent 
upper surface portions of the third dielectric layer 42. 
Also, edges of the lower metal 44 electrode and the 
capacitor dielectric 46 terminate at the upper surface of 
the capacitor 24. 

[0027] As described, the integrated circuit device 
20 of the present invention provides a high-density 
capacitor 24 having metal electrodes 44.49 and which is 
compatible and integrated with dual damascene struc- 
tures. As such, the capacitor 24 is situated in a same 
level as the dual damascene interconnect structure 22. 
[0028] Referring now to FIGS. 2-8, a dual 
damascene process for making the integrated circuit 
device 20 including an interconnect structure 22 and 
metal electrode capacitor 24 formed on a semiconduc- 
tor substrate 30 in accordance with the present inven- 
tion, will now be described. As shown in .FIG. 2. a 
semiconductor substrate 30 is provided, and a first die- 
lectric layer 32 is formed adjacent the semiconductor 
substrate by conventional techniques. As mentioned 
above, the semiconductor substrate 30 is preferably sil- 
icon. 

[0029] A plurality of devices, such as transistors 
(not shown), are formed in the substrate 30 using well 
known techniques. The semiconductor substrate 30 
and other associated layers form a semiconductor wafer 
as known to those skilled in the art. The first dielectric 
layer 32 can be formed of silicon dioxide as well as other 
known dielectrics. Of course, the first dielectric layer 32 
may be deposited or grown. Further, the first dielectric 
"layer 32 includes interconnects 34 and 36. The intercon- 
nects 34 and 36 are formed by depositing a conductive 
metal, e.g. aluminum and/or copper, in trenches which 
have been etched in the first dielectric layer 32, The first 
dielectric layer 32 and the interconnects 34 and 36 illus- 
trate an example of an underlying level of the integrated 
circuit device. 

[0030] A second dielectric layer 38 is formed adja- 
cent the first dielectric layer 32 and the interconnects 34 
and 36. An etch stop layer 40 is formed over the second 
oxide layer 38 as illustrated. Next, a third dielectric layer 
42 is formed adjacent the etch stop layer 40. Again, the 
second and third dielectric layers 38 and 42 are formed 
from any suitable dielectric having a desired dielectric 
constant, and are deposited or grown as would readily 
be appreciated by the skilled artisan. The etch stop' 
layer 40 is typically formed from silicon nitride and . 
deposited by conventional techniques. This non-con- 
ductive silicon nitride' etch;-;stop -1^ 40 is typically • 
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deposited on the associated dielectric layer, e.g. the 
second, dielectric layer 38. using CVD at temperatures 
between about 600 C and 900 C. 

[0031] As shown in FIG. 3. a first set of openings 56 
and 57 are selectively formed through the third dielectric 5 
layer 42 and also through the etch stop layer 40. 
Although the present description proceeds with the 
etching of the third dielectric layer 42 followed by the 
etching of the etch stop layer 40. other etching steps for 
etching the third dielectric layer and the etch stop layer w 
can be used as would readily be appreciated by those 
skilled in the art. The openings, e.g., trenches 56 and 
57, will later be used to form a metallization conductor 
or a capacitor as will be explained below. 
[0032] As is known in the damascene process as 15 
shown in FIG. 4, at least a second set of selected open- 
ings 60 and 61 are etched in the second dielectric layer 
38 within the bounds defined by each of the first set of 
openings 56 and 57. A photo resist shown by the 
dashed lines at 58 is applied to form the second set of 20 
openings 60 and 61. The photo resist is then removed 
by techniques known to those skilled in the art. As illus- 
trated, the opening 62 is for forming a via between dif- 
ferent layers, as is well known to those skilled in the art. 
However, although the opening 60 has been illustrated, 25 
as an example, as being substantially the same width 
as the above opening 56 in the third dielectric layer 42, 
this opening 60 may also be more narrow than the 
above opening 56 as is the case with openings 61 and 
57. 

[0033] As shown in FIG. 5, a photo resist 62 is 
formed over the openings 56 and 60. A barrier metal 
layer 52 is preferably formed to line openings 56. 57, 60 
and 61 before the photo resist 62 is formed. A conduc- 
tive metal layer 54, e.g. aluminum and/or copper, is 35 
selectively deposited over the third dielectric layer 42. 
such that the conductive metal layer 54 is deposited 
within the openings 57 and 61 and over at least portions 
of the third dielectric layer 42 adjacent the opening 57. 
The conductive metal layer 54 can be deposited by -io 
electrodeposition, electroplating or chemical vapor dep- 
osition techniques well known to those skilled in the art. 
Of course if copper is used as the conductive metal 
layer 54, a copper seed layer (not shown) may be 
formed on the barrier metal layer 52. The photo resist 45 
62 is then removed and the openings 56 and' 60 are 
cleaned by techniques known to those skilled in the art. 
[0034] Referring to FIG. 6, a barrier metal layer 53.. 
such as tantalum nitride, titanium nitride or tungsten 
nitride, for example, is then deposited to complete the 50 
lower electrode 44. Next, the capacitor dielectric 46 is 
formed by deposition or epitaxial growth. The capacitor 
dielectric 46 is formed of a suitable dielectric material, 
e.g. silicon oxide, silicon nitride or tantalum oxide, hav- 
ing a desired dielectric constant. Preferably, the capaci- 55 
tor dielectric 46 has a dielectric constant greater than 
about 25 to. achieve the desired capacitor characteris- 
tics, f hen. a barrier metal layer 48 such as tantalum 



nitride, titanium nitride or tungsten nitride, for example, 
is then deposited to form part of the upper electrode 49. 
As illustrated, the materials forming the electrodes 44 
and 49 as well as the dielectric 46. have been blanket 
deposited over the upper surface of the integrated cir- 
cuit device 20. 

[0035] Referring to FIG. 7, a conductive metal layer 
50. e.g. aluminum and/or copper, is deposited to form 
part the upper electrode 49. such that the conductive 
metal layer 50 is deposited within a remaining portion of 
the openings 56 and 60. This deposition step may 
involve selective deposition including a photo resist 64 
formed over the interconnect structure 22. as illustrated. 
However, the conductive metal layer 50 may also be 
blanket deposited over the entire upper surface of the 
integrated circuit device 20. The conductive metal layer 
50 can be deposited by electrodeposition. electroplating 
or chemical vapor deposition techniques well known to 
those skilled in the art. Of course if copper is used as 
the conductive metai layer 50, a copper seed layer (not 
shown) may be forme;d on the upper electrode 48. 
[0036] An upper surface of the integrated circuit 
device is then planarized using CMP, for example, as 
shown in FIG. 8. Thus the capacitor 24 has a substan- 
tially planar upper surface substantially flush with adja- 
cent upper surface portions of the third dielectric layer 
42. Also, edges of the lower metal 44 electrode and the 
capacitor dielectric 46 terminate at the upper surface of 
the capacitor 24. Accordingly, a dual damascene proc- 
ess is provided for making the integrated circuit device 
20 of the present invention with a high-density capacitor 
24 having metal electrodes 44.49, and which is compat- 
ible and integrated with dual damascene structures 
such as the interconnect structure 22. The process of 
the present invention does not require etching metal lay- 
ers or CMP of oxides to form a capacitor having metal 
electrodes. 

[0037] Additionally, referring to FIG. 9 another 
embodiment the integrated circuit device 20 of the 
present invention is described. Because the lower elec- 
trode 44 surrounds the capacitor 24 . a contact 66 may 
be formed in a side trench 68 to connect the capacitor 
24 to an associated metal line such as the conductive 
layer 54. In this embodiment, an interconnect 34 (FIG. 
1) would not be necessary to contact the lower elec- 
trode 44. This may also eliminate a layer and allow 
reduction of the dimensions of the integrated circuit 20. 
Furthermore, the trench 68 may be formed during the 
dielectric etch which forms the openings 56 and 57. 
This would also reduce the number of steps required in 
making the integrated circuit device 20. 
[0038] The thicknesses of the various layers may 
vary as would be appreciated by those skilled in the art. 
For example, the first dielectric layer 32 can be depos- 
ited over the substrate by chemical vapor deposition 
(CVD) from a TEOS source gas and could have a thick- 
ness of about 400 to 600 nanometers or greater. The 
second and third dielectric layers 3«^^n<i 42 can-also be 
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formed in a similar thickness range. The appropriate sil- 
icon nitride etch stop layer 40 can have a thickness 
between about 200 to 1,500 angstroms, for example. 
Naturally, this is only a range of thickness, which can 
vary depending on the thickness desired and the end 5 
use of the semiconductor devices, 
[0039] Many modifications and other embodiments 
of the invention will come to the mind of one skilled in 
the art having the benefit of the teachings presented In 
the foregoing descriptions and the associated drawings. 10 
Therefore, it is understood that the invention is not to be 3. 
limited to the specific embodiments disclosed, and that 
modifications and embodiments are intended to be 
included within the scope of the appended claims. 

claims 

1. A method of making an integrated circuit device 
including an interconnect structure and a capacitor, 

the interconnect structure comprising a metal line 20 
and a contact, and the capacitor comprising upper 
and lower metal electrodes, the method comprising 
the steps of: 

4. 

forming a dielectric layer adjacent a semicon- 25 
ductor substrate: 

simultaneously forming a first opening for the 
interconnect structure and a second opening 
for the capacitor, in the dielectric layer: 
selectively depositing a first conductive layer to 30 
fill the first opening to form the interconnect 
structure; and 

forming the upper and lower metal electrodes 
with a capacitor dielectric therebetween to form 
the capacitor in the second opening, 35 5, 

2. A method of making an integrated circuit device 
including an interconnect structure and a capacitor, 
the interconnect structure comprising a metal line 
and a metal contact, and the capacitor comprising 40 
upper and lower metal electrodes, the method com- 
prising the steps of: 6. 

forming a dielectric layer adjacent a semicon- 
ductor substrate; 45 
simultaneously forming a first opening for the 
interconnect structure and a second opening 
for the capacitor, in the dielectric layer; 
forming a mask over the second opening; 
selectively depositing a first metal conductive 50 
layer to fill the first opening; 

removing the mask from the second opening; 7. 
depositing a lower metal layer to at least line 
the second opening and to form the lower 
metal electrode of the capacitor; . . 55 
forming a' capacitor dielectric layer on the iower 
metal layer to form the capacitor dielectric of 
* "-therbapacitor; 



depositing an upper metal layer on the capaci- 
tor dielectric layer to form part of the upper 
metal electrode of the capacitor; 
depositing a second conductive layer to fill a 
remaining portion of the second opening and 
form part of the upper metal electrode of the 
capacitor; and 

planarizing an upper surface of the integrated 
circuit device. 

An integrated circuit device comprising: 

a semiconductor substrate; 

a dielectric layer adjacent the semiconductor 

substrate having first and second openings 

therein; 

an interconnect structure in the first opening 
and comprising a metal line and a metal con- 
tact depending therefrom: and 
a capacitor in the second opening and com- 
prising upper and lower metal electrodes with a 
capacitor dielectric layer therebetween. 

A method according to claim 1 or 2, wherein the 
step of simultaneously forming the first opening and 
the second opening comprises: 

simultaneously forming an upper portion of the 
first opening and an upper portion of the sec- 
ond opening; and 

simultaneously forming a lower portion of the 
first opening and a lower portion of the second 
opening. 

A method according to claim 4, wherein the upper 
portion of the first opening has a greater width than 
the lower portion of the first opening, and the upper 
portion of the second opening has substantially a 
same width as the lower portion of the second 
opening. 

A method according to claim 1 or 2. wherein the 
step of forming the dielectric layer comprises: 

forming a lower dielectric layer portion adjacent 
the semiconductor substrate; 
forming an etch stop layer on the lower dielec- 
tric layer portion: and 

forming an upper dielectric layer portion on the 
etch stop layer, 

A method according to claim 6. wherein the step of 
simultaneously forming the first opening and the 
second opening comprises: 

simultaneously forming an upper portion- of the 
first opening and an upper portion of the sec- 
• ■■.hpn'd': opening in the upper dielectric layer por- 



6 



11 



EP 1 020 905 A1 



12 



lion and the etch stop layer; and 
simultaneously forming a lower portion of the 
first opening and a lower portion of the second 
opening in the lower dielectric layer portion; 
the upper portion of the first opening having a 5 
greater width than the lower portion of the first 
opening, and the upper portion of the second 
opening having a substantially same width as 
the lower portion of the second opening. 

10 

8. A method according to claim 1, wherein the step of 
selectively depositing the conductive layer in the 
first opening comprises electro-depositing copper 
while optionally masking the second opening, 
and/or wherein the step of selectively depositing is 
the conductive layer in the first opening comprises: 

depositing a barrier metal layer to at least line 
the first opening; and 

electro-depositing copper to fill the lined first 20 
opening. 

9. A method according to claim 1,2 or 8. wherein the 
barrier metal layer comprises tantalum nitride. 

25 

10. A method according to claim 1 or 2, wherein the 
step of forming the capacitor in the second opening 
comprises: 

depositing a lower metal layer to at least line 30 
the second opening and to form the lower 
metal electrode; 

forming the capacitor dielectric layer on the 
lower metal layer; 

depositing an upper metal layer on the capaci- 35 
tor dielectric layer to form the upper metal elec- 
trode; 

depositing a second conductive layer to fill a 
remaining portion of the second opening. 

40 

11. A method according to claim 10, wherein the sec- 
ond conductive layer comprises copper, and/or 
wherein the upper and lower metal electrodes of 
the capacitor comprise tantalum nitride, and/or 
wherein the capacitor dielectric has a dielectric 4S 
constant greater than about 25. 

12. A method according to claim 1 or 2 further compris- 
ing the step of forming a capacitor contact in the 
dielectric layer and electrically connecting the metal 50 
line of the interconnect structure and the lower 
metal electrode of the capacitor. 

13. An integrated circuit device according to claim 3, 
wherein the capacitor has a substantially planar 55 
upper surface substantially co-planar with adjacent 

■ upper surface portions of the dielectric layer, and/or 
^ ' w^^^ of the lowei' electrode and the ■ 



capacitor dielectric layer terminate at the upper sur- 
face of the capacitor, and/or wherein the metal line 
has a greater width than the metal contact; and 
wherein the second opening has a substantially 
uniform width, and/or wherein the dielectric layer 
comprises: 

a lower dielectric layer portion adjacent the 
semiconductor substrate; 
an etch stop layer on the lower dielectric layer 
portion; and 

an upper dielectric layer portion on the etch 
stop layer 

14. An integrated circuit device according to claim 13. 
wherein the metal line is in the upper dielectric layer 
portion and the etch stop layer, and the contact is in 
the lower dielectric layer portion; and wherein the 
capacitor is in each of the upper dielectric layer por- 
tion, the etch stop layer, and the lower dielectric 
layer portion. 

15. An integrated circuit device according to claim 14, 
wherein the metal line has a greater width than the 
contact; and wherein the second portion of the die- 
lectric layer, having the capacitor therein, has a 
substantially uniform width, and/or wherein the 
interconnect structure comprises copper, and/or 
wherein the interconnect structure comprise a cop- 
per layer and a barrier metal layer adjacent thereto; 
and/or wherein the barrier metal layer comprises 
tanta\um nitride; and/or wherein each of the upper 
and lower metal electrodes of the capacitor com- 
prises tantalum nitride, and/or wherein the upper 
metal electrode of the capacitor comprises tanta- 
lum nitride and copper; and wherein the lower 
metal electrode comprises tantalum nitride, and/or 
wherein the capacitor dielectric has a dielectric 
constant greater than about 25. 

16. An integrated circuit device according to claim 3, 
further comprising a capacitor contact in the dielec- 
tric layer and electrically connecting the metal line 
of the interconnect structure and the lower metal 
electrode of the capacitor. 
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FIG. 1 




8 



EP 1 020 905 A1 




9 



EP 1 020 905 A1 



FIG, 5 




EP 1 020 905 A1 



FIG. 7 
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